the animal graze, do not reliably al., 1958) . This paper deals mainmatch the composition of the anily with comparisons between mal's forage intake (Hardison et mine. Hand-clipped samples, al., 1954; Anon., 1962; Lesperance et al., 1960) . Now, with rumen taken as the observer watches crude protein values for rumen and esophageal fistula techniques, the animal itself does the fistula samnles and for handcollecting (Torell, 1954 and Shum-I with the University of Arizona.
way and Hubbert (1963) .
Materials and Methods
The study area .-The study was conducted in a 150-acre pasture at an elevation of about 4,000 feet on the Santa Rita Experimental Range, south of Tucson, Arizona. Annual precipitation averages nearly 16 inches in two distinct rainy seasons: about 60% falls from late June through September, with most of the remainder during the winter-spring period of December through April.
The vegetation cover consisted of a shrubby overstory of velvet mesquite (Prosopis j&flora var. velutina JWoot.] Sarg.) and catclaw acacia (Acacia greggii A. Gray), with an understory of perennial grasses and low-growing shrubs. The dominant perennial grasses were Lehmann lovegrass, a reseeded introduction, and Arizona cottontop.
The most common low shrubs were falsemesquite (Calliandra eriophylla Benth.) and velvet pod mimosa (Mimosa dysocurpu Benth.). In addition, several species of annual grasses and forbs were common during the winter-spring and summer growing seasons, when moisture conditions were favorable.
The perennial grasses are primarily summer growers, although all of them produce some herbage during the spring. All except one of the shrubs mentioned are deciduous and pioduce most of their leaf and stem growth in the March to May period. In general, growth begins in the spring when soil and air temperatures meet species requirements, and growth in the summer begins with the beginning of effective summer rains.
Procedure. This overall change in the relationship between whole plant and green-material-only, between March 15 and April 12, was the net effect of two contrasting trends: average protein content of the green-materialonly was declining as it matured, especially during the latter part of the period, and average protein content of the whole plant was increasing as green material made up an increasing percentage of the whole plant, especially during the first part of the period.
Protein content of forbs and shrubs.-Protein content of these plants, too, was highest when growth was young and succulent, but periods of growth differed somewhat among species, and protein did not reach a peak in all species at the same time (Table 1) . Mesquite leaves were very high in protein in April when first developing (25.6%), and decreased steadily until August (15.6). Mesquite beans were high when green (25.5% in June), but dropped to 12 to 13% when dry.
Other shrubs, catclaw acacia, false-mesquite, and desert zinnia (Zinnia pumila Gray) increased from a low of 11 s in January to an average of 18.2% in May (catclaw acacia was 23.9% in April). Crude protein content of rumen samples. -Rumen protein content followed about the same pattern of change as the clipped grasses: a peak in March (16.1%), a higher peak in August (21.6%) and lows in May and June (7.8F), and from November till January (6.8%) (Fig. 2) . For all months, rumen protein content averaged 11.5%.
Although three animals constitutes a rather small sample, variability among animals was not considered excessive.
Coefficients of variation for 18 dates, with 3 animals each, varied from O.llv to 18.82ajc, with an overall average of 7.81%. On only two dates did CV exceed 157c, and it was less than 50/c on seven dates.
Discussion
Protein content of the rumen samples consistently exceeded that of the grass clippings but, in general, followed the same pattern of change (Fig. 2) . Two possible sources of the higher rumen protein content were: 1) contamination of the grazed material between the time it was grazed and the time it was removed from the rumen, or 2) selective grazing of other higher protein plants in addition to the two grasses, or of certain parts of the grass plants which were higher in protein than the whole plant.
The possibilities of protein c on t en t increasing appreciably by saliva contamination or bacterial action in the rumen are remote. Separate tests with alfalfa and cottonseed hulls indicated non-significant or only slight average increases in nitrogen due to saliva contamination . And, since essentially all the rumen bacteria were removed with the rumen contents prior to each test CRUDE PROTEIN grazing, contamination from this source was not likely. Also, the rumen samples showed no evidence of fermentation.
Thus, the higher rumen protein content appears to be due to selective grazing.
Direct observation of the animals as they grazed, and preliminary examination of the rumen samples, showed that plants other than grasses were eaten. Unfortunately, loss of the frozen rumen samples due to refrigeration failure prevented us from determining botanical composition. At times the steers grazed almost exclusively on annual forbs or on mesquite leaves, even though perennial grasses were available.
They even occasionally ate such apparently unpalatable plants as cholla and barrelcactus. The influence of otherthan-grass plants was especially marked in March, when annual forbs comprised a high percentage of the rumen content.
Protein content of the rumen averaged 1.82 times that of the whole-plant clippings of the two grasses for the 10 calendar months in which rumen samples were collected, but varied considerably between months because of differences in the availability of high-protein forbs and shrubs. In September, a month with few high-protein forbs, rumen protein was only 1.53 times the grass protein; but in March, a month with many high-protein forbs, rumen protein was 2.91 times that of the grasses. For the other months, rumen protein varied from 1.67 to 1.99 times that of the grasses. The results for the summer months are similar to those of Van Dyne and Heady (1965) in California, who found 1.5 to 2 times as much crude protein in esophageal fistula samples of sheep and cattle as in clipped herbage collected in July, August, and September; but these results are somewhat higher than reported for esophageal-fistulated sheep on native 127 range in California by Weir and Tore11 (1959) . And, Edlefson et al. (1960) found no significant differences in protein between hand plucked and esophageal fistula samples from winter grazing by sheep on Utah desert range.
These ratios between grass and rumen protein are a measure of the relative opportunity for the steers to improve their diet by selective grazing. This relative opportunity for diet improvement was highest in March and August, when the grass protein was at its peak and other forages were also at their peaks. The excess of rumen protein over grass protein at this time was about 10 percentage points. By contrast, in winter when grasses were dormant, annual forbs absent, and deciduous browse was defoliated due to low temperature and sometimes low moisture, the relative opportunity for diet improvement was low. High temperatures and lack of rainfall bring about similar vegetation conditions in May and June. During these periods the excess of rumen over grass protein averaged only 3 to 4 percentage points ( Fig. 2 7.5% in every month except January, however, which was about 1070 low. Apparently the deficiencies in protein in the grasses were made up by higher content in the forbs and shrubs grazed by the steers.
Summary and Conclusions
A comparison of the crude protein contents of rumen samples from fistulated steers with those of hand-clipped vegetation samples shows that the steers invariably selected a diet higher in protein than whole-plant clipped samples of the major available perennial grasses. Data obtained over a period of 21/z years show that rumen protein varied from 1.53 to 2.91 times that of the clipped grass samples, and suggest that the higher protein content in the rumen was due to selective grazing by the steers of green parts of grasses rather than the whole plant, and of high-protein shrubs and annual forbs when they were available.
Although protein content of the rumen was highly correlated with that of the clipped grasses, clipped grass samples will not give reliable estimates of rumen protein in other years or other places because of large variability from year-to-year and placeto-place in the abundance of the high-protein forb and shrub forage which supplements the perennial grasses. 
